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© Verfahren zur Herstellung mehrfach substltulerter Acylbenzole. 

(§7) The present invention relates to a method of preparing 
poly-substituted acytbenzenes. The method comprises react- 
ing acyihalldes or equivalents with poly-substituted benzene 
in the presence of an acylating catalyst comprising a perfluoro 
sulfonic acid polymer. 
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This invention relates to a method of preparing poly- 
substituted acylbenzenes and more particularly to synthe- 
sizing these acylbenzenes by means of a perfluoro sulfonic 
acid polymer acylating catalyst. 
5 When an acyl halide or equivalent is reacted with 

2-bromo-1 , 3-dimethoxybenzene to form the corresponding 
acylbenzene it has been found that rearrangement products 
either predominate or at least are present as major conta- 
minants when usual acylating or Friedel-Crafts catalysts 
10 are employed. Such rearrangement products involve bromine 

migration from the 2 to 4 position, e.g., 

0CH 3 

OCH3 

As reported by G.A. 01 ah, et al, in Synthesis , 1973 , 
672, a solid perfluorinated resin sulfonic acid, commer- 
cially available from B.I. DuPont de Ifemours as ^ R Wfion H, 
can be employed as an acylating catalyst in reactions be- 

20 tween acyl halides, anhydrides, or mixtures of acids and 
their anhydrides and other substituted benzenes. However, 
it has not heretofore been reported or suggested that* such 
a perfluorinated resin sulfonic acid could function to pre- 
vent the formation of rearrangement products when 2-bromo- 

25 1 ,3-dimethoxybenzene is employed. 

Therefore, the present invention is directed to a 
method of preparing poly-substituted acylbenzenes of the 
formula I 



50 • 




I 



and more particularly to synthesizing the acylbenzenes by 
35 means of a perfluorosulfonic acid polymer acylating cata- 
lyst . 
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The method comprises reacting 

a) a compound of the formula RC-Hal, or 

.0 

b) a mixture of the compounds of the formula 

5 0 t - 0 

If .11 

(RC-0) 2 and RC-OH, or 

0 

c) a compound of the formula (RC-O^O 

wherein R is Cj-Cg-alkyl or a mono- or polycyclic aromatic 
10 or a heteroaromatic radical which may he substituted with 
the radicals I m and-T n where X and T are the same or diffe- 
rent and represent halogen, C^-Cg-alkyl, CjT-Cg-alkoxy, Cj- 
Cg-aliylthio, trifluoromethyl or nitro, and m and n are 
the same or different integers of 1 or 2, 
15 with a compound of the formula II 

R i 

Br 

II 




20 wherein R^ and R2 are the same or different and represent 
C^-Cg-alkoxy or hydroxy, in the presence of an acylating 
agent comprising a perfluorosulfonic acid polymer- 

The present invention is described primarily in terms 
of acylating bromo-1 ,3-dimethoxybenzene to form a substi- 

25 tuted benzophenone without essentially forming a contami- 
nating rearrangement acylating product; however, it will 
be understood that such description is exemplary only and 
is for purposes of exposition and not for purposes of limi- 
tation. It will he readily appreciated that the inventive 

30 concept described is equally applicable to acylating 2-bro- 
mo-1 ,3-dimethoxybenzene or 2-bromo-1 ,3-dihydroxybenzene 
with an acylhalide or equivalent such as an acylanhydride 
or mixture of such an anhydride and its corresponding acid, 
'In the case where the desired product is a benzophe- 

35 rone, a benzoyl halide of the formula 



15 
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CO-halogen 

is preferred. Alternatively if a different acylbenzene is 
5 desired an opposite first reactant of one of the above for- 
mulae is selected wherein R is C^-Cg-alkyl, or another ap- 
propriately substituted aromatic group or a heteroaromatic 
group, including but not limited to one of the following : 

, thienyl (o£ or fi) , e.g. 




0 

^ furyl (fiCor fl), e.g. (y)-^ ^-(x) ' W Tii n 
J3 orf), e.g. f Yl , etc. 



A second reactant of the formula II 

R. 




20 



where R 1 and R 2 are the same or different and represent Cj- 
alkoxy or hydroxy, e.g., 2-bromo-1 , 3-methoxybenzene , is 
25 selected. 

A suitable catalyst for the method according to the 
present invention comprises a perfluorosulfonic acid poly- 
mer. Such a polymer comprises a polymeric material obtain- 
ed from a fluorocarbon vinyl ether having the formula III 

5° MSO 2 CPR f CF 2 0/CPYCP 2 07 n CP=CP 2 III 

where R f represents fluorine or a perfluoroalkyl radical 
having from 1 to 10 carbon atoms, Y represents fluorine or 
the trifluoromethyl radical, n is an integer of 1 to 3 in- 
clusive, and M represents fluorine, the ; hydroxyl radical, 

35 the amino radical or a radical having the formula -OMe 
where He is an alkali metal or a quaternary ammonium radi- 
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cal. The vinyl ether of the formula III is readily homo- 
polymerized or copolymerized to form the catalysts of the 
present invention* Preferred comonomers for copolymer iza- 
tion include ethylene or halogenated ethylenes. It is to 
5 he understood, however,, the copolymerization of the vinyl 
ether are achieved with any ethylenically unsaturated como- 
nomer capable of homopolymerization* Additional fluorinat- 
ed monomers may also be copolymerized- with ethylene or the 
halogenated ethylenes and the vinyl ethers, such third mo- 
10 nomer being for example a perfluoro alpha-olef in, e.g. 

hexafluoropropylene, or a perfluoro (alkyl vinyl ether) of 
the type CF^CF-O-ZCF^Zn- 1 -CF^ where n' is 0 to 5, inclu- 
sive. 

A preferred catalyst is the group of solid perfluoro 

15 sulfonic acid- resins or polymers commercially obtained from 
E.I. DuPont de ffemours and designated as ^ffafion persul- 
fonic acid products. These ^Uafion products are copoly- 
mers of the above-described vinyl ether and tetrafluoro- 
ethylene and are supplied in the salt form, e-g., potassium 

20 sulfonate. The salt form is readily converted to the acid 
form by treatment with a.mineral acid, e.g. nitric acid, 
washing with water and drying at 105°C *- 110°C for about 
twelve hours- The vn; Nafion persulfonic acids have an em- 
pirical formula of 4.°4 SC 2 H 4-7 Z > where. Z is the number 

25 of repeated units, and typically have .an equivalent weight 
within the range of 1100 and 1800. 

The above perfluorosulfonic acid resins or polymers 
and their preparation are fully described in Connally et 
al., U.S. Patent Ho. 3,282,875./ 

30 The first reactant, the second reactant and the per- 

fluorosulfonic acid polymer catalyst are combined and re- 
acted under the usual Priedel-Crafts .reaction conditions. 
Typically the reactants and catalyst are heated to reflux 
for a sufficient period of time to achieve the desired acy- 
• 35 lation, e.g. 22 - 24 hours. 

Surprisingly and unexpectedly, the use of the perfluo- 
rosulfonic acid polymer catalyst yields the desired pro- 
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duct, 4-acyl-2-bromo-1 ,3-dialkoxy- or dihydroxy-benzene , 
which is free from contamination or formation of signifi- 
cant rearrangement products. This is a surprising and un- 
expected result since with the usual Friedel-Crafts acyla- 
5 tion catalysts, e,g., Lewis acids such as SnCl^, ZnClg, 
AlClj, etc*, such rearrangement products are obtained and 
may often predominate. Such rearrangement products, it is 
believed, occur because the usual Priedel-Crafts catalysts 
promote metathesis of the starting material such as 2-bro- 

10 mo-1,3-dimethoxybenzene to yield 4,6-dibromo-1 ,3-dimethoxy- 
benzene, 2, 4- dimethoxybromobenzene and 1 ,3-dimethoxybeii- 
zene. It is this "rearranged starting material" which 
reacts with the requisite acylating agents to give poor 
yields of the desired acyl-2-bromo-1 ,3-dimethoxybenzenes. 

15 Surprisingly and unexpectedly the catalysts of the instant 
process do not cause such rearrangements but promote in- 
stead only the desired acylation, 

20 EXAMPLE I : 

2-Bromo-1 ,3-dimethoxybenzene /32.60 g; 0.150 mole/ and 
2-fluorobenzoyl chloride /30.0 g; 0-189 mole7 are dissolved 
in 150 ml of 1,2-dichloro ethane. To this mixture is added 
ten grams of 'Nafion H, commercially obtained from E.I. 

25 DuPont de Uemours. The reaction mixture is brought to re- 
flux and is stirred. After refluxing for 22 hours the ca- 
talyst is filtered off and washed with dichloroethane. The 
combined organic phase is concentrated under reduced pres- 
sure to give crystalline material after trituration with 

30 hexane. Recrystallization from isopropanol gives 38.5 grams 
/70 £ yield7 of 3-bromo-2,4-dimethoxy-2'-fluorobenzo- 
phenone, m.p. 88 - 91 °C, as the sole benzophenone product. 

After an additional recrystallization from isopropa- 
nol, the melting point is raised to 92 - 93°C. 
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Analysis: 
Calculated for C 
Pound: 



15 H 12 BF0 3 : 



53 .11 # C ; 5.7 1> H 
55.30 f> C; 3.30 # H 



10 



15 



20 



25 



EXAMPLE II : 

For comparison purposes, the procedure of Example I is 
repeated except that the following Fried el-Crafts acylating 
agents are employed 
/~a_7 SnCl, 



/"c 7 
/"e 7 



ZnCl, 
A1C1 
BBry 
TiCl 



3' 



4* 



In all cases, either. a desired reaction product is not ob- 
tained or a mixture of 3-bromo-2,4-dimethoxy-2'-fluoroben- 
zophenane/3esired product7, 5-bromo-2,4-dimethoxy-2*-fluoro- 
benzophenone /undesired rearrangement produet7 and/or the 
various rearranged starting material as heretofore describ- 
ed is obtained. 

The following are comparative "procedures. for the va- 
rious catalysts employed wMch graphically illustrate the 
surprising and unexpected superiority of the, perfluorosul- 
fonic acid polymer catalysts: 
0 (OH) 



C-Cl 



oca 





catalyst 




(Desired 
Product) 



(Undesired 
Product) 
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l~*.J SnCl 4 

2-Fluorobenzoyl chloride (1.58.g; 0.010 mole) is dis- 
solved in 15 ml of 1 ,2-dichloroe thane at ice bath tempera- 
ture. Stannic chloride (2.58 g; 0.010 mole) is added and 
5 the reaction is stirred 5 minutes, after which 2-bromo-1,3- 
dimethoxybenzene is added (2.17 g; 0.010 mole) in 3 ml of 
1 ,2-dichlor o ethane. After 2 hours, the following mixture 
of products is obtained, as analyzed by the technique of 
mass spectromotry/gas chromatography: 2-bromo-1 ,3-dimeth- 
10 oxybenzene (9.5 $) , 4-bromo-1 ,3-dimetboxybenzene (trace), 
4,6-dibromo-l ,3-dimethoxybenzene (8.0 #), 2 T -fluoro-2,4- 
dimethoxybenzophenone (11.1 jt) f 3-bromo-2 ! -fluoro-2,4-di-- 
methoxybenzophenone (22.9 £) , 5-bromo-2 , -fluoro-2,4-di- 
methoxybenzophenone (13.7 #). 

15 

f\>J ZnCl 2 

2 -Br omo-1 ,3-dimethoxybenzene (2.17 g; 0.010 mole) is 
dissolved in 7 ml of dichloromethane and freshly fused zinc 
chloride (1.36 g; 0.010 mole) is added. After stirring 

20 15 minutes at room temperature, 2-fluorobenzoyl chloride 
(1.58 g; 0.010 mole) is added. After stirring 3 days at 
room temperature, the following mixture is obtained, as 
analyzed by gas chromatography: 2-bromo-1 ,3-dimethoxyben- 
zene (9 £), 4-bromo-1 ,3-dimethoxybenzene (trace), 4,6-di- 

25 bromo-1 ,3-dimethoxybenzene (7 #), 2 ! -fluoro-2,4-dimethoxy- 
benzophenone (22 #) , 3-bromo-2 , -fluoro-2,4-dimethoxybenzo- 
phenone (4 £), 5-bromo-2 l -fluoro-2,4-dimethoxybenzopheno- 
ne (31 #). 

30 fcj A1C1 5 

2-Bromo-1 ,3-dimethoxybenzene (217 g; 1-0 mole) and 
2-fluorobenzoyl chloride (158 g; 1.0 mole) are dissolved 
in r,2-dichloroethane and aluminum chloride. (1-33 g; 1.0 
mole) is added slowly. The reaction mixture is refluxed 
35 for 2 hours and then worked up with 5 % hydrochloric acid. 
In this way a 1:2 mixture of 5-bromo-2'-fluoro-2-hydroxy- 
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4-methoxybenzophenone and 3~bromo-2'-fluoro--2-.hydroxy-4- 
methoxybenzophenone is obtained, as indicated by nuclear 
magnetic resonance (NHR).' A quantity of this mixture is 
separated by preparative high pressure liquid chromatogra- 
phy into its two components, 5-bromo-2 f -fluoro-2-hydroxy- 
4-methoxybenzophenone, m.p. 127 - 129°C and 3-bromo-2 ! - 
fluoro-2-hydroxy-4-inethoxybenzophenone, m.p. 137 - 139°C. 

f&J BBr 3 

2-Bromo-1 ,3-dimethoxybenzene (4*34 g; 0.020 mole) is 
dissolved in 15 ml of dichloromethane and 2-fluorobenzoyl 
chloride (3.16 g; 0.020 mole) is added. This mixture is 
chilled in an ice bath as boron tribromide is added (3-10 g 
0.020 mole). The reaction is brought to reflux and re- 
fluxed 16 hours. Thin layer chromatography shows quali- 
tatively an equal mixture of 5-bromo-2 ! -fluoro-2-hydroxy- 
4-methoxybenzophenone and 3-bromo-2 ! -fluoro-2-hydroxy-4- 
methoxybenzophenone . 

fej TiCl 4 

2-Bromo-1 ,3-dimethoxybenzene (2.17 g* 0.010 mole) and 
2-fluorobenzoyl chloride (1.58 g; 0.01*0 mole) are dissolv- 
ed in 15 ml of 1 ,2-dichloroethahe at -5°C and titanium 
tetrachloride (1.89 g; 0.010 mole) is added. After 2.5 
hours gas chromatography shows that 2~bromo-1 ,3-dimethoxy- 
benzene is entirely consumed and the following mixture of 
products is present: 4, 6-dibromo-1 ,3-dimethoxybenzene 
(4 #), 2 , -fluoro-2,4-dimethoxybenzophenone (10 #), 3-bro- 
mo _2 ! -fiuoro-2,4~dimethoxybenzophenone (46#), 5-bromo- 
2 T -fluoro-2,4-dimethoxybenzophenone (34 #) . 

EXAMPLE III ; 

As an illustration of the effect that usual Friedel- 
Crafts catalysts have on the starting 2-bromo-1 ,3-dimeth- 
oxybenzene, 2.17 g (0.010 mole) of this material is dis- 
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solved in 15 ml of 1 ,2-dichloroethane and ferric. chloride 
(1.62 g; 0.010 mole) is added* After 30 minutes at room 
temperature gas chromatography shows that 2-bromo-1 ,3-di- 
methoxybenzene is almost completely consumed and a mixture 
5 of 4-bromo-1 ,3-dimethoxybenzene, 1 ,3-dimethoxybenzene , and 
4 ;6-dibromo-1 ,3-dimethoxybenzene is in its place. 

A similar experiment using the perfluorosulfonic acid 
polymer catalysts of the instant process in place of the 
ferric chloride affords only unchanged 2-bromo-1 ,3-dimeth- 
10 oxybenzene. 
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Patent Claims : 

1. A method of preparing a poly-substituted acylbenzene 
having a structural formula I 

Br r 

where and R g are the same or different and represent 

Cj-Cg-alkoxy or hydroxy, R represents (a) Cj-Cg-alkyl, 

or (b) a mono- or polycyclic aromatic or heteroaromatic 

10 radical, which radicals may be substituted with X or I 

m n 

where X and Y are the same or different and represent 
halogen, C^-Cg-alkyl, Cj-Cg-alkoxy, Cj-Cg-alkylthio, 
trifluoromethyl or nitro, and m and n are the same or 
different integers of 1 or 2, which comprises reacting 
15 0 

a) a compound of the formula RC-halogen, or 

0 0 

b) a mixture of the compounds (RC-0) 2 0, RC-OH, or 

0 

20 c) a compound of the formula (RC-0) 2 0, where 

R is as defined above, with a second reactant having 
the formula II r. 



25 



50 




v 2 

where R^ and R 2 are as defined above, in the presence 
of an acylating agent comprising a perf luorosulfonic 
acid polymer. 

2. The method as defined in claim 1 wherein said perfluoro 
sulfonic acid polymer is 

(1) a homopolymer of a vinyl ether having the formula 



35 MS0 2 CPR f CF 2 0/CPYCP 2 07 n CP=CP 2 
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where R f represents fluorine or a perfluoroalkyl 
radical having from 1 to 10 carbon atoms, Y repre- 
sents fluorine or the trifluoromethyl radical, n is 
an integer of 1 to 3 inclusive, and M represents 
5 fluorine, the hydroxyl radical, the amine radical 

or a radical having .the formula -OMe where Me is 
an alkali metal or a quaternary ammonium radical or 
(2) a copolymer of the vinyl ether of (1) above and a 
monomer which may be (a) ethylene, (b) a halogenat- 
10 ed ethylene or (c) at least one of monomer selected 

from ethylene and halogenated ethylenes and at 
least one monomer selected from perfluorinated 
alpha-olef ins and perfluoro alkyl vinyl ethers 
having the formula 

15 CF 2 =CF-0-/CF 2 _7n , -CF 3 
where n 1 is 0 to 5- 

3» The method as defined in claim 2 wherein R represents 
phenyl, naphthyl, Ot-thienyl, B-thienyl, furyl, fi- 
20 furyl, 0{-py r idyl, fi-pyridyl or 2T-pyridyl, vhich may 

be substituted with X m or Y n where X , Y , m and n are as 
defined • 

4* Th e me thod as defined in claim 3, wherein R is 

25 

(Y) ^1^^^ and X * Y ' m * n are as defined * 

5« The method as defined in claim 2, wherein said vinyl 
ether is copolymerized with at least a halogenated 
30 ethylene. 

6. The method as defined in claim 5, wherein said vinyl 
ether is copolymerized with tetrafluoroe.thylene. 



35 7. The method as defined in claim 6, wherein said copoly- 
mer has a structural formula 
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(C 7 P u 0 4 S : C 2 P 4 ) Z 
vhere Z represents a number of repeating units. 

The method as defined in claim 7* wherein said copoly- 
mer has an equivalent weight within the range of 1100 
to 1800. 

The method as defined in claim 1 , wherein said catalyst 
is a copolymer of a vinyl ether haying the formula 

MS0 2 CP 2 CP 2 0CP( CP 5 ) CF 2 0CP=CP 2 

where M represents fluorine, the hydroxyl radical, 
the amino radical or a radical having the formula 
-OMe where Me represents an alkali metal or a qua- 
ternary ammonium radical, and tetrafluoroethylene . 

The method as defined in claim 1 , wherein said cata- 
lyst is a copolymer of a vinyl ether having a formula 

FS0 2 CF 2 CF 2 0CF/CF 3 _7CF 2 0CF=CF 2 
and tetrafluoroethylene. 

' The method as defined in claim 1 , wherein said cata- 
lyst is a copolymer of a vinyl ether having a formula 

Me0S0 2 CF 2 0CF/CP 3 _7CF 2 0CF=CF 2 

where He is an alkali metal or a quaternary ammonium 
radical and tetrafluoroethylene. 
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